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RECENT DEVELOPMENTS IN COLD FORMED STEEL 
by 
Robert W. Dannemann(l) Member ASCE 
INTRODUCTION 
During the last fifteen years the author has been working in 
the development of new products in cold formed steel, mainly 
in building applications. Cold formed steel makes possible 
practically an infinite variety of shapes, one for each need 
and function. This possibility is a continuous challenge for 
designers in finding, among many alternatives, the optimal 
solution for each problem. 
The author describes briefly a set of six proposals, which 
are either an already tested and proven product, or just its 
phase of design. 
As in any human doing, the author is conscious that these 
proposals may be accomplished and deserve further 
investigations and improvements. However, the intention of 
this Paper l.S to show possibilities of cold formed steel 
applications and how far cold formed steel may invade fields 
where other construction materials have done the job until 
now. The author believes hat cold formed steel can also do 
it, and probably better. 
PROPOSAL 1 
GALVANIZED STEEL PURLINS for CLAY TILES 
Clay tiles are the preferred roofing material in many parts 
of the world, mainly where it is a local traditional roof. At 
the same time it is recognized that it is a noble and long 
lasting roofing material. 
The supporting structures of tile roofs are mainly done in 
wood , with a rather time consuming work. In our countries 
the roofing of a normal 1000 sft house may takes two to three 
(1) Consulting Engineer, Partner ABT, Advanced Building 
Technologies, Santiago Chile. 
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weeks to be completed. It happens often that, for economy's 
sake, the construction is done with low quality wood and 
then, no matter how good the tiles are, the roof will last 
only a few years. 
Humidity may also rotten the wood or the termites may do 
their destructive job. For these and other reasons tile roofs 
need often frequent repairs or replacements. Other problems 
come from the fastening of the tiles, which generally are 
nailed on strips laying on playwood or wooden boards. Tile 
layers often omit partially this nailing, generating future 
problems when the roof is walked over, or in the case of 
storms or earthquakes. In other cases the tiles break just 
because of the nails, cracks starting at the holes where they 
hold the tiles. 
Inspired in all these problems and mainly in the fact that 
tile lying is a highly craftmanship dependable operation, the 
author designed a special cold formed steel purlin for 
supporting french type tiles (Marseille type). 
This purlin is a 22 or 24 gage galvanized steel profile (fig. 
1), which allows, taking advantage of the engrossment of the 
heads of the tiles, to trap these heads in the C type 
purl ins , as shown in the figure 2. The installation of the 
tiles is done by inserting, one by one the heads of the tiles 
into the cavity of the C formed purlin. The tiles are 
positioned in an oblique position as shown on fig. 2 and 
once the head is inside that cavity, the tiles are rotated 
downwards and become clamped by the edges of the profile. 
Once the tiles are fixed, they cannot move downwards nor 
outwards. The only way to take them out is by an opposite 
operation as the one of installing them. The placement of the 
purlins and tiles is a fast and straightforward operation, 
many times faster than the traditional tile lying. No special 
training is needed and two men may install a 500 sft roof in 
one day. This is a tremendous advantage in time economy, no 
need for especial workers and a much safer way to fasten the 
tiles on the roof.Breakage during installation is minimized. 
By using these purlins the span between the supporting 
rafters or trusses may be increased from the usual 2 feet to 
more than 3 and up to 8 feet. 
For this reason a dramatical reduction in the cost of the 
supporting structure may be possible and probably the optimal 
solution will be to change from wood to light steel trusses. 
The use of this type of steel trusses, described in Proposal 
3, will offer an interesting alternative for clay tile roofs. 
Another possibility, is the the omission of. the wooden board 
below the tiles, because they turn unnecesary. 
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PROPOSAL 2 
Z TYPE SHEET FOR ROOFING AND SIDING 
In steel roofs and sidings, the current purlins can be 
eliminated by special sheets placed lengthwise on the rafters 
or trusses. These sheets must have their corrugations at 
right angle to these supporting members and also be capable 
in dewatering the roof. As known, sheets will be unable to 
accomplish this design condition. The author created a 
roofing sheet whi th a Z type section (saw tooth prof ile) , 
shown on figure 3, in three alternatives. 
The geometrical condition in fullfilling the dewatering 
requirement will be that the slope of the roof must be 
greater that the proper slope of the inclined web of the Z 
shaped sheet. 
Years ago, the author designed the first Z type sheet shown 
of fig.3a) and an important number of roofs have been 
constructed using this sheet. 
In using these sheets the author discovered that they had a 
weak point in its upper flange in the intermediate fold, 
because when walking on the sheets they showed a premature 
local buckling failure. Based on this fact, the author 
designed a second model (fig. 3 b) for a local steel building 
fabricator, with the inclined web provided with smooth 
subribs (not shown) to improve the local buckling capacity of 
that wide web. Over a hundred of houses have been constructed 
during 1991 and others are been constructed at this time. The 
sheet is being produced by roll forming of 4 feet wide 
prepainted galvanized sheets. 
Recently, the author improved the design in creating a third 
model (fig. 3c) which include the advantages of the Proposal 
5 strenghtening the web of the Z sheets, by introducing a 
smooth curvature in the wide inclined web. This third 
generation of the Z sheet is in the preliminar stage, jointly 
with the procedures outlined in Proposal 5. However any of 
these Z sheets offer following adantages: 
they eliminate the need for purl ins 
they offer a very attractive look 
they may conform a very effective diaphragm, because they 
are fastened directly to the main structural members. 
they are usable as siding, substituting other more 
sophisticated siding solutions, which are not usable as 
diaphragm. 
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It is convenient to point out that in the case of sidings the 
fasteners heads will be visible and not acceptable for high 
quality siding, but certainly good enough for camps or 
similar applicati9ns. 
Finally the author likes to call attention on the interesting 
texture which this Z sheet creates as a roofing material 
(fig. 4), with its own personality and as an authentic 
exponent of cold formed steel possibilities. 
This type of roofing and siding sheet probably deserve the 
attention of arquitects an residential horne builders because 
it creates renewed possibilities for good looking and 
authentic textures in steel roofs. 
PROPOSAL 3 
LIGHT TRUSSES for RESIDENTIAL CONSTRUCTION 
Many attempts has been made to introduce steel trusses into 
residential construction. Working in this line of thinking, 
the author found, after trying different approaches, test 
buildings and investigations, that the pair of complementary 
profiles proposed by WUPPERMANN -"Stahl im Hochbau" (1967) 
may offer one of the most convenient structural solution for 
light roof constructions. 
Four years ago the author was asked to design a set of hat 
and channel profiles, similar to those of Wuppermann's, for 
an important metal protected producing firm in Argentina, 
which fabricates these shapes in 1.5 and 2 rnrn thick 
galvanized steel. These profiles are shown in fig. 5 and the 
product has been well received by the clients and an 
important number of roofs has already built with these 
shapes, called "Miniprofiles". 
The author believes that next step will be the use of thinner 
sheets, as thin as 22 gage. But the reduction of the 
unstiffened flanges thickness will be probably only possible 
by using double thicknesses as shown on fig. 6. This resort 
has been effective in the case of the purl in for tiles of 
Proposal 1 (fig. 1) in eliminating the premature buckling of 
the outstanding unstiffened flanges. 
The pair of profiles shown in figures 5 and 6 are designed 
for the condition that the channel may be able to penetrate 
the hat section and allowing the connection between them by a 
passing bolt, provided with a separator tube, as shown in 
fig. 5. 
517 
Two proven applications of these profiles are shown in figure 
7. In fig. 7a) a standard truss for roofs is shown with a 50% 
slope and in this case covered by the Z type sheet of 
Proposal 2. In fig. 7 b) a special mansard type truss is 
shown, which supported on four legs, is a very efficient 
frame. In the case of this figure the roof supports ceramic 
tiles on the purlins of Proposal 1. In both cases the normal 
span between trusses is in the order of between 4 and 8 feet, 
depending on the live, wind and snow loads. 
Besides the relatively low weight of these trusses, this pair 
of profiles show some additional advantages when compared 
with traditional trusses. The condition of galvanized shapes 
makes the following economies possible: 
the painting can be omitted 
fabrication can be reduced to cutting and punching 
cutting also can be omitted if the shapes are delivered 
in final lenghts 
the assembling line in the shop can be eliminated, if the 
parts are shipped knocked down 
The last of these possibilities is extremly important in 
remote erection places where the shipping of completely 
assembled light trusses becomes extremly costly, specially in 
the case of overseas contracts. For all these possibilities 
the fabricating costs may be reduced dramatically, when 
compared to the traditional way of fabrication. 
In any case the introduction of light cold formed galvanized 
steel trusses into residential roofing opens new 
possibilities for new markets, in places where wood has been 
for long the preferred option. As a rather permanent (when 
protected) and highly resistant material, steel may offer a 
variety of attractive and integral solutions for Arquitects 
and Constructors, as those described in proposals 1 and 2 
cORIDined with this Proposal. 
PROPOSAL 4 
COLD FORMED PRESTRESSABLE I STEEL PROFILE 
In many countries, where heavy hot rolled I beams and wide 
flanges are not fabricated, the construction of standard 
framed steel structures are done often by using welded I 
shapes. Allthough the cost of such replacement is rather 
high, it becomes acceptable because it allows a reasonable 
flexibility in design and construction, not dependable on 
imports. For light platforms welded I beams become 
uneconomjcal and are often replaced by cold formed channels. 
But the known tendency of channels to twist by torsion will 
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require lateral bracing when the deck is unable to stabilize 
their upper flanges. 
For the design of industrial platforms, when grating do not 
guarantee the lateral stiffness, the author became interested 
in finding some structural alternative, which may fill the 
gap where current profiles are inefficient. Probably the most 
used substitute of I beams is the section formed by two 
channels back to back (fig. B). But this solution has 
relatively weak flanges in comparison with its double web and 
therefore it is unefficient. In existing literature, some 
sections have been published which simulate I beams in cold 
formed steel but either they have a double web or they 
employ hollow flanges which is not desirable for the 
connections, speccially bolting. (fig.B) None of these 
alternatives of I beams are satisfactory as a standard 
profile to fill the gap of lighter profiles for industriai 
use in framed steel structures. 
The author developed an I profile which will be produced by 
cold forming, starting from a wide sheet and where, by 
folding it in an adequate sequence will result finally a 
simmetrical single web beam, with two double plate flanges 
as shown on fig 9. In its shape and propierties this cold 
formed beam is similar to a standard I beam, where the area 
of the flanges are important in comparison to its single web. 
Its condition of cold-formed steel solution opens a very 
interesting possibility, when compared to hot rolled forms. 
It will be convenient for lighter construction, like steel 
home building manufacturing because these I beams may be as 
thin as 1,5 mm and up to say thicknesses of 10 mm covering a 
very ample range of possible profiles, much lighter than 
hot rolled I beams. This solution includes another special 
feature, which comes from the difficulty of bending the 
corners of the flanges. When the sheet is raher thick, say 3 
mm or more, the 180 2 bending of the edges of the flanges, 
with cera radius becomes impossible and it will be necessary 
to include in said corners a certain cuvature which leaves 
cilindrical longitudinal holes along the four edges of the 
flanges as shown in figure 9b. These four holes are optimal 
for locating there, when required as reinforcement of the 
tensioned flanges, prestessing rods or cables, threaded into 
these holes. 
The possibility to prestress steel beams as a normal feature 
will be most convenient in the case of composite beams. (fig. 
9b), where not only the strength is improved, but also 
deflection is controlled by pretressing. Another feature is 
that such tensioning can be done at any time and the beams 
can be reinforced as required. Finally this cold formed I 
beam solution may allow to have access to an interesting 
range of light shapes, in those countries where hot rolled 
are not fabricated. 
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PROPOSAL 5 
IMPROVEMENT of THE STRENGTH OF FLAT SLENDER FLANGES 
Steel designers know very well that flat and slender flanges 
have a low strenght to resist loads applied normally to the 
sheets and that, when compressed lengthwise they will buckle 
prematurely. Afortunately the "post-buckling" effect allows 
stiffened plates to survive that initial instability point in 
some proportion. But anyhow all buckled zones go out of the 
game and become ineffective, at it is recognized in all 
current design codes. 
Flat flanges, when extremly slender, will buckle even 
unloaded, showing some premature curling on their flat faces. 
For this reason very wide thin flanges are not used in 
arquitectural siding or the like, unless some intermediate 
stiffners are added on their wide flanges, or they become 
backed up with some stiffening filler material. 
For years the author has been working on the intents of the 
improvement of the structural stablity of wide thin 
flanges, and the problems related to the strength reduction 
produced by local buckling (Oannemann - 1990). The classical 
way to reinforce wide flanges is the addition of stiffeners 
but there exist another theoretical way to improve their 
stability and bending strenght, by changing those flat 
flanges into slightly curved plates, converting them into 
cilindrical barrel vaults with reduced pitch. It is known 
. that in such curved surfaces the local buckling will depend 
on the ratio between- the diameter of curvature and thickness 
of the plate, instead on the ratio of width and thickness. By 
this way the control of the critical buckling stress becomes 
independant of the actual width and can be increased 
substantially by reducing the radius of the vault. 
In practice, however it is rather impossible to fabricate 
smoothly curved thin flanges, because the elasticity of such 
sheets, when folded, produces a pronounced spring back 
effect,and does not allow to get such panels curved in a roll 
forming mashine. The basic idea therefore consists in getting 
said desired smooth curvature by other ways. The problem was 
solved by an innovative method which consists in the 
precurving of the sheets just in an opposite curvature as 
that desired in the flanges of the profile. 
In figure 10, this method is applied to a standard liner 
sheet with a wide flange. Instead of the normal conformation 
shown in fig 10 a) the sheet is fabricted with the shape 
shown in fig 10 b) when a convex sheet is desired. To obtain 
the final curvature shown in fig 10 c) the supporting ribs of 
the sheet should be located on a circle of a radius R. 
Actually, when the sheet of fig 10 b) is installed on the 
purlins, the operator force it down and generates the desired 
curvature on its wide flange. This operation is easy to 
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perform because very thin sheets are flexible. At the same 
time it generates a prestressed status, which is also 
benefical to the strength of the sheet, because the shape 
becomes elastically defined by the forced curvature. In this 
way the flat flange is converted into a completely different 
structural form. Its conversion into a cilindrical 
prestressed barrel vault is beneficial because its critical 
buckling strength is increased and its potential capacity to 
resist loads normal to the sheet changes to an arch 
behaviour, instead of a flat bended plate. 
The procedure outlined here for the sheet of fig 10 can be 
equally applied to many others and provide a general method 
to improve the strenght of thin flat and slender plates. 
The perspectives for this proposal appear promising for a 
great number of thin sheets applications, where the only way 
to improve the sheet strength has been the addition of 
intermediate stiffners. By the rational application of this 
proposal in most cases higher strengths of the sheets may be 
possible, important saving in steel will be obtained and a 
greater margin of safety, which is also an important object 
in the art of design. 
PROPOSAL 6 
COMPOSITE COLD FORMED STEEL COLUMNS and BEAMS 
Composite floor deck sheets are a well known resort to 
construct concrete slabs efficientely and fast, withdrawing 
the need of the formwork and the steel reinforcement of 
traditional concrete slabs. In constrast to this, full 
composite action in columns and beams has not jet been 
accomplished. Forms and reinforcements has not been 
eliminated in these traditional concrete components in 
similar proportion as in composite slabs. 
Allthough there exist some composite applications, as in the 
case of tubular steel columns infilled with concrete, which 
are acceptable for centered loads, there exist no universal 
solution of total composite forms , neither for columns in 
framed construction, nor for beams. In case of tubular 
sections, if excentric loads are connected to their outer 
steel skin or they are used in continuos frames, the 
condition necessary to guarantee composite action cannot be 
fullfilled easily in such tubes. Composite action can only be 
accomplished if the external loads are transferred 
proportionally to the infilling concrete and all external 
moments and shears, as well as internal shears and sliding 
forces, can be adequately transferred between both materials,. 
in the places where such stresses are acting. Tubes are not 
able to transfer internally higher shear stresses because it 
is impossible to locate composite transfer devices (such as 
studs) in their interior. 
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For these reasons closed tubes are not universally usable as 
composite sections in frames or structures, where important 
internal shear transferences are necessary. 
The conventional composite steel beam is 
concrete slab connected to its upper flange. 
by no ways a full composite concrete beam, 
the intent of this proposal. 
a beam with a 
Therefore it is 
in the sense of 
George Abdel-Sayed (1982) and R.P. Nguyen (1988) worked on 
an interesting proposal of partially composite concrete 
beams, where the positive reinforcement is a channel whith 
its opening looking upwards. This channel is at the same time 
the form of the soffit of the beam, but laterally the beam 
still needs forming. The stirrups are omitted and for this 
reason the shear behaviour deserve futher investigations 
because some liason is lacking beween the tensioned bottom 
and the slab. Anyhow this proposal seems to drive in the 
right direction. 
There exist also some other conceptual proposals in concrete 
forming for beams, but in none of them the problem of 
trustful connections beween the concrete fill and the steel 
envelope has been solved. Therefore none of these proposals 
can be accounted as full composite members of concrete 
construction. 
Based on these facts the author developed a general solution 
of cold formed composite sections for beams and columns, 
where the forms are composed by at least two equal parts, 
which when joined will become hollow shapes. In the case of 
columns the final sections are normally tubular, either 
round, square, rectangular, or of poligonal form~ and in the 
case of beams either a hat section or a C shape, with their 
openings looking upwards. In both cases (columns or beams) 
the forms will be infilled with concrete in the job. In fig. 
11 some of the possible forms for columns and beams are shown 
but many others can be imagined depending on functional, 
structural or arquitectural requirements. 
The special condition in fabricating the columns and beams in 
at least two halves makes possible to place in the interior 
of such shapes adequate devices to connect the concrete to 
the inside of the enveloping steel sheets. Those connection 
devices, which may be welded studs or other means in getting 
both material joined, must be designed in accordance with the 
structural evaluations of each case. In heavier sheets the 
standard stud solution (fig. 12) may be probably the most 
convenient device but if the sheets are rather thin, say less 
than 2 mm, probably other known methods of load transfer,such 
as those used in composite slabs may be adequate, by simply 
stamping enbossements or holes on their sides. 
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major problem because generally these beams will be protected 
for fire and the final sides of the beams covered by stucco 
or gypsum. 
When using thin sheets in composite steel forms of concrete 
beams, the use of welded studs will not be possible and in 
these cases the current method of embossements, as empoyed in 
composite slabs, may be used. There exist also the 
alternative to use punched holes in all sides where steel and 
concrete interaction must be guaranteed. In fig. 13 a convex 
and another concave form applying Proposal 5 are shown. 
Some additional features of this Proposal deserve to be 
mentioned, such as the artifice used to comply with the 
requirement of Code Din 18806, where it is asked to have 
holes on the sheets of closed composite sections, such as 
steel columns. These holes are requested to allow the trapped 
vapour to be evacuated in case of an upwarming of .the column, 
like the case of a fire, to avoid that the column explode. In 
this Proposal the holes are replaced by leaving an open split 
in the connection of the halfs which form the shape, and 
intermittent connection in such joints. 
Another unusual option becomes possible by including in the 
interior of columns and beams, ducts or pipes fixed to the 
inside of one of the halves. Such ducts may be used in many 
ways, such as electrical, telephone, water, gas and other 
installations. Another interesting option is to use these 
pipes for a continuous water or air cooling system of the 
structure for the case of fire. In columns the pipe can be 
used also as hidden downspouts. 
Fi:nally, probably the finest propierty of this Proposal is 
that in connecting such columns and beams, a light steel 
frame will be formed, which can be erected in stages, in the 
same way as normal steel structures and concreted step by 
step as erection proceeds. By this means the erection of the 
concrete building becomes a very fast straigthforvard and 
clean operation where steel and concrete will be employed 
rationally, each of them in its own range of capabilities in 
an unespected "fraternity". 
The authors preliminar estimation, at the cost levels of our 
countries,is that the savings of this system will be in the 
order of between 20% and 30% without taking into account the 
considerable additional advantages and cost reductions due to 
the much faster erection of such mixed structures. 
CONCLUSIONS 
Six recent developments has been described, which all are 
oriented to introduce cold formed steel solutions into areas 
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Above resorts are appointed to obtain the required condition 
of complete composite action. Once this is accomplished the 
steel will be taking the duty of resisting not only the 
tension forces and proportional compressions but also the 
shear stresses. In this proposal probably the main innovation 
is that concrete will be totally dispensed to resist tensions 
because whe steel will do it and better. This introduces a 
new design concept which certainly will deserve future 
analysis and investigations. 
In this proposal it is admitted that the steel will resist 
all tension stresses including those generated by shear 
forces and the duties of concrete may be reduced to 
following: 
as a filling material which stabilizes the rather thin 
steel sheets avoiding their local buckling failure, as 
well its premature overall buckling 
as compression chord in composite beam sections 
as compression sections in columns 
resisting compressions produced by shear 
as a structural filling material which is able to include 
additonal round bar reinforcements, in places where such 
reinforcement is necessary to supplement the steel 
envelope strength. 
The future of such composite steel forms will depend mainly 
in the possibility of using steel sheets as thin as 
acceptable functional and structurally. 
Precisely in forms infilled with such a heavy material as 
concrete the local strength of the plates in resisting the 
concrete pressures during its placement will be 
determinant.This problem is not very important in heavy 
columns where plates be rather heavy and the bending from 
the internal concrete pressures can be easly resisted. 
Therefore in rather heavy columns the double function of the 
steel envelope in acting as form and reinforcement is well 
equilibrated. But in beams, the sides represent a 
considerable wasted surface of steel, because only a 
relatively thin sheet will be enough to resist the shear 
forces. It will be highly convenient that these composite 
steel forms be of rather thin sheets. For this purpose the 
application of Proposal 5 will be very useful. 
By applying the principle of improving the strength of the 
sheets by precurving, as explained in Proposal 5, it becomes 
possible to look forward in using steel forms as thin as 20 
gage and even less. The fact that the sides and eventually 
the bottom of the beams becomes sligthly curved will not be a 
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where other materials has been the preferred option until 
now. 
The design of proposals 2,4,5 and 
patent applications and the plan 
United States and other countries, 
of the Patent Convention of Paris. 
6 are protected by local 
of revalidation in the 
under the priority right 
The purlin of Proposal 1 is covered by USA Patent N2 4,955,170 
of september 1990. 
The proposals 4,5 and 6 may deserve investigations and tests, 
from where experience can be obtained to support future 
applications in practice. 
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RECENT DEVELOPMENTS IN COLD-FORMED STEEL 
by 
Robert W. Dannemann 
This paper describes six proposals in cold-formed steel 
applications. 
The first proposal is a light cold-formed steel purlin for 
french type clay tiles. 
The second is a special roofing sheet which avoids the need' 
for purlins. 
Proposal 1 and 2 are complemented by light steel trusses. 
Proposal 4 is an I profile produced by cold forming. 
Proposal 5 is a method to improve the strenght of wide 
slender flanges. 
The last proposal is the intent to have full composite steel 
beams and columns. 
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